Objective-To assess HIV/STI prevalence and associated risk factors among miners in Yunnan, China.
INTRODUCTION
Heterosexual transmission has become the leading route of transmission of new HIV cases in China, surpassing intravenous drug use (IDU) for the first time since China's HIV epidemic began in the late 1980s 1 . Due to high rates of unprotected sex and drug use behaviors, China's "floating population" of migrant workers (liudong renkou) is at risk for HIV/STIs and may play a critical role in the spread of HIV in China [2] [3] [4] [5] as has been observed in other contexts 6 .
Largely because of China's gender imbalance and economic reforms over the last twenty years, an estimated 100 to 150 million migrants from the countryside who are mostly male, young, poor and uneducated, have migrated to urban centers in search of work 7 . As mobility has increased and the economy has grown, the commercial sex industry has boomed and STI rates have risen 8, 9 . Separated from home and working long hours in difficult conditions, male migrants may patronize female sex workers (FSWs), increasing their risk of HIV and helping to fuel epidemics of HIV and STIs 4 . Though China's HIV epidemic is still concentrated in high-risk groups, some regions of Yunnan province already have generalized epidemics with over 1% of pregnant women in antenatal clinics testing HIV positive 10, 11 . Clients, especially in provinces such as Yunnan, may subsequently "bridge" these infections through unprotected intercourse with both sex workers and regular partners.
To our knowledge, this is the first study to examine HIV/STI prevalence and the associated risk behaviors among a large sample of miners in China. Only one other study has examined HIV risk among male migrant clients in China 12 . Attention, however, has been given to HIV/ STIs in migrant workers in China, with variable results. For instance, STIs were detected in 18% of market vendors of Eastern China 13 , and 20% of a community-sample of migrant workers in Beijing, Shanghai, and Nanjing reported a history of STIs 12 . Studies in Zhejiang 14 and Shanghai 15 , however, found minimal cases of STIs and no HIV. Still, behavioral studies in China have found migrant populations have high-risk sexual behaviors, including multiple sex partners, engagement in commercial sex, and scarce condom use 3, 16 .
Mining townships around Gejiu City in Yunnan, like other mining communities studied in Africa [17] [18] [19] , have great potential for HIV/STI spread. Gejiu City, known as the "tin capital" of China, has a population of 453,300, not including an estimated 67,900 migrant workers from rural areas, most of whom are miners. Development of the local mining industry and the influx of single, migrant miners have contributed to the expansion of the local commercial sex industry. The first HIV infection in Gejiu was reported in an injecting drug user in 1996, but by December 2004, a total of 1,774 HIV cases were confirmed in Gejiu 20 . Though intravenous drug use still accounts for the majority of HIV infections in Yunnan 20 , the percentage of cases associated with sexual transmission has risen steadily from 5.3% in 1996 to 11.8% in 2004 11, 21 . There are indications that Gejiu City is moving toward a generalized HIV epidemic; in 2003, HIV prevalence among women receiving antenatal care was 0.8% 10 . A pilot study conducted in 2005 among 232 miners in Laochang and Kafeng mining townships outside of Gejiu indicated that almost all (94.8%) were not local residents; 9.4% reported sex with FSWs; and the prevalence of HIV, gonorrhea and chlamydia was 0.5%, 0.5% and 9.3%, respectively 22 . Our study assessed HIV and STI prevalence and risk factors among a large sample of miners in Gejiu City.
METHODS

Study Population
Laochang and Kafang are 2 mining townships located approximately 20 and 25 kilometers from Gejiu, respectively. They have a combined population of 13,000. Five mines were selected as study sites based on the following criteria: (1) short distance from the entertainment facilities in town with transportation readily available; (2) private ownership; and (3) employment of ethnic minority miners. There were approximately 2,000 miners working in the 5 selected mines.
Data Collection
A cross-sectional study was conducted in the 5 selected mines of Laochang and Kafang townships from March to May, 2006. Every effort was made to include all potential subjects. Subjects who met the above selection criteria and signed the informed consent forms were assigned a personal identification number (PID). Study staff explained to every eligible participant the purpose of the study, the procedures, and the risks and benefits study participation. The informed consent process, interviews, and specimen collection were all conducted in private rooms at the hospital or clinic in each of the 5 mining districts. Each participant was interviewed face-to-face by an interviewer of the same gender to collect information on socio-demographics, sexual behaviors, drug use, HIV/AIDS related knowledge, and STI symptoms.
Individual pre-test counseling sessions were provided to each participant prior to specimen collection. A 5 ml void urine sample and 7 ml venous blood specimen was collected from each participant, and labeled only with a PID. All participants were requested to return in 4 weeks to receive testing results and post-test counseling by trained study staff.
Laboratory Procedures
All specimens were collected and processed according to the manual of procedures approved by the National Institutes of Allergy and Infections Diseases (NIAID) and the Chinese Center for Disease Control and Prevention (CDC). Blood specimens were sent to the Gejiu CDC laboratory, where the plasma was separated for HIV testing by enzyme-linked immunosorbent assay (ELISA). Specimens found positive for HIV antibody by ELISA were confirmed by 2 additional ELISA tests and 1 Western Blot test at the Yunnan Provincial CDC reference laboratory.
The Gejiu CDC laboratory performed HSV-2 antibody testing as well as Treponema pallidum antibody testing by Rapid Plasma Reagin (RPR). Positive RPR specimens were confirmed by Treponema pallidum particle assay (TPPA) at the Yunnan Provincial CDC laboratory. Syphilis cases were identified by positive TPPA and RPR. Urine specimens were tested with morphine gold conjugate test strip (ACON MOP) for morphine in the Gejiu CDC laboratory.
Data Management and Statistical Analysis
All data collected were transmitted via the DataFax system to the data management team in Beijing. The final data received via DataFax were manually entered into the SAS database for analysis. Socio-demographics, HIV/STI prevalence, knowledge, and attitudes were analyzed for all miners and compared between miner clients and miner non-clients.
Statistical analysis of data was performed with SAS version 9.1 (SAS Institute Inc, Cary, NC, USA). The proportions between groups were compared by using χ 2 -test or Fisher's exact probability. The means between groups were compared by using Student's t-test. Univariate and multivariate logistic regression were used to estimate adjusted odds ratios (OR) and 95% confidence intervals (CI) for associations between HIV and STIs and variables of interest. Risk factors associated with HIV infection were adjusted for confounding variables and were fitted to a logistic regression model using a forward stepwise regression method. For multivariate analysis, variables were only retained if they were statistically significant at the level of P<0.05 or if the coefficients of regression of the other variables in the same computation were substantially changed by their inclusion in the model.
Ethical Considerations
The study protocol was approved by the institutional review boards of the National Center for AIDS/STD Control and Prevention (NCAIDS), Yunnan Provincial CDC, and the Division of AIDS (DAIDS) Prevention Science Review Committee (PSRC) at the U.S. National Institutes of Health (NIH).
RESULTS
Participant Recruitment
A total of 1,804 miners were identified and screened, and 1,798 enrolled. Reasons for not participating included age less than 16 (n=1); refused to participate (n=3); and withdrawal from the study after giving informed consent (n=2). Of all the enrolled miners, 1,796 completed the questionnaire, 1,760 provided a blood specimen, and 1,773 provided a urine specimen.
Socio-demographic Characteristics
Miners ranged in age from 16 to 58, with an average age of 28.5 (±7.4) years. There was no significant difference in the mean ages of the miners enrolled from the 2 townships (P=0.17). Among the 1,796 miners who completed questionnaires, 81.6% were <35 years, 65.1% attended school for ≤6 years, 14.3% never attended school, 60.9% were married, and of those married, 36.4% lived apart from their spouses. Forty-two (42.6%) percent were Han (the major ethnic group in China accounting for 90% of the total Chinese population), 44.8% were Hani, and 12.6% were from other ethnic groups. Most miners (92.8%) had a hukou (residence permit) from outside Gejiu, only 7.2% had a Gejiu hukou. Most (84.7%) with a hukou from outside Gejiu were from elsewhere in Yunnan, with only 8.1% from other provinces. A significant proportion (41.3%) had stayed at the study site for <1 year. Prior to mining in Gejiu, many miners were farmers (64.8%), and others were miners (11.0%), students (8.4%), factory workers (2.1%), construction workers (7.1%), or other (6.6%).
Three-hundred thirty-nine miners (339/1,796; 18.9%) reported a history of patronizing FSWs. Comparison of socio-demographic characteristics between client and non-client miners are presented in Table 1 .
HIV and STI Prevalence
Thirteen miners (0.7%) [95% C.I. 0.3%~1.1%] were HIV positive. The relative prevalence's of syphilis, HSV-2, Neisseria gonorrhea and Chlamydia trachomatis were 1.8% (95% C.I. 1.2%~2.4%), 9.6% (95% C.I. 8.2%~10.9%), 0.8% (95% C.I. 0.4%~1.2%) and 4.8% (95% C.I. 3.8%~5.8%). Prevalence of any STI was 14.9% (95% C.I. 13.2%~16.5%). There was a statistically significant difference in prevalence of syphilis (P=0.02), C. trachomatis (P=0.01) and HSV-2 (P=0.01) between Kafang and Laochang townships.
Miner clients had a significantly higher prevalence of HIV (1.8% v 0.5%, P < 0.05), HSV-2 (14.9% vs. 8.4%, P < 0.001), N. gonorrhea (2.1% vs. 0.5%, P < 0.01), C. trachomatis (6.9% vs. 4.3%, P < 0.05), compared to non-clients (Table 1) . There was no difference in syphilis (P = 0.05) based on client status. Prevalence of any STI was also significantly higher in clients (23.2% vs. 4.3%, P < 0.0001).
Awareness Of HIV and other STIs Knowledge
Misconceptions about HIV transmission were high. Only 66.9% had heard of HIV/AIDS; 84.5% believed that mosquitoes can transmit HIV; and 73.0% believed that sharing bathroom facilities with others could transmit HIV. Only 4.1% knew the correct routes of HIV transmission. In addition, only 43.9% of miners knew that people living with HIV/AIDS may appear healthy.
Miner clients in general had higher knowledge and awareness of HIV/STIs compared to nonclients (Table 2 ). Significantly more clients had heard of HIV/AIDS (82.3% vs. 63.3%, P < 0.0001), had heard of condoms (75.8% vs. 54.6%, P < 0.0001) and knew HIV can be sexually transmitted (76.4% vs. 59.4%, P < 0.0001). In general, more clients than non-clients knew the correct routes of HIV transmission; more clients believed there is a risk of HIV transmission from sexual intercourse (67.6% vs. 48.5%, P < 0.0001), a risk from sharing injection needles (65.5% vs. 47.4%, P < 0.0001), and a risk from blood transfusion (68.7% vs. 49.1%, P < 0.0001). However, only 9.1% of clients and 3.8% of non-clients believed they were at risk for HIV.
Sexual Behavior and Drug Use
High-risk sexual behaviors were frequent among miners. Eighty-seven (87.3%) percent of all miners reported having sexual intercourse, and 34.0% reported having 2 or more sex partners in the past 12 months. One-fifth of miners (18.9%) reported having purchased sex, and of these, 45.1% had visited FSWs twice or more in the past 12 months (range: X to 70 visits). Reported condom use with FSWs was very low, 72.0% reported never using condoms with FSWs. Levels of drug use among miners were low, with 19 (1.1%) miners reporting previous illegal drug use and 4 of these 19 (21.1%) reporting injecting drug use (IDU). Sixteen miners tested positive for morphine in their urine (0.09%).
In general, miner clients had more risk behaviors but higher knowledge and perceived risk of HIV/STIs (Table 2) . Significantly more miner clients than non-clients reported illegal drug use (3.5% vs. 1.3%, P < 0.01). They also reported more STI symptoms in the last 12 months (1.2% vs. 0.3%, P < 0.001), multiple sexual partners (>3 partners in the last 12 months 65.8% vs. 14.5%, P < 0.0001), early age of sexual debut (<16 years old 21.8% vs. 15.9%, P < 0.05), and frequenting karaoke halls in leisure time (36.9% vs. 11.1%), a common work venue for FSWs. There was no significant difference in condom use with regular partners or FSWs, and tattoo or surgical operation history.
HIV/STI Risk Factors
Risk factors for HIV and STIs by client status significant in univariate and multivariate analyses are presented in Table 3 . HIV infection in miner clients was independently associated with illegal drug use (adjusted OR 266.9, 95% C.I. 13.3 -999.9, P <0.01), tattoo history (adjusted OR 42.3, CI 3.6 -502.1, P <0.01), and 3 or more FSW partners in the past 12 months (adjusted OR 24.0, CI 2.1-276.9, P < 0.01). HIV infection in non-clients was independently associated with illegal drug use (adjusted OR 11.5, CI 1.3 -105.3, P < 0.05), and 3 or more sexual partners in the last 12 months (adjusted OR 5.9, CI 1.2 -31.7, P < 0.05).
STI infection in miner clients was independently associated with illegal drug use (adjusted OR 3.5, CI 1.1-11.3, P < 0.05) and reported STI symptoms in the last 12 months (adjusted OR 2.5, CI 1.4-4.5, P < 0.01). STI infection in non-clients was independently associated with being an ethnic minority (adjusted OR 2.6, CI 1.8 -3.6, P < 0.01), and living with a spouse (adjusted OR 1.6, CI 1.2 -2.2, P < 0.01). Going to a karaoke hall frequently in leisure time, however, was independently protective of STIs in miner non-clients (adjusted OR 0.5, CI 0.3 -0.9, P < 0.05).
DISCUSSION
Mining communities are high-risk areas for HIV and STI transmission, largely due to the temporary nature of the work and the associated disruption of social ties [17] [18] [19] . Mining areas often do not provide accommodation for spouses or families, and most miners migrate alone (only 36% of married miners lived with spouses). Mining districts, perceived to be thriving economically, also attract female migrants who engage in sex work 18 .
The miners in our study were primarily young, ethnic minority migrants with low educational attainment and except for their ethnic minority status match the demographic characteristics of China's so-called "surplus males" 7 . These migrant surplus men may be helping to fuel the HIV epidemic in China through unprotected sex with multiple partners or through IDU behaviors 5 . HIV-related risks among FSWs (often also migrants), have been more widely studied in China [23] [24] [25] [26] [27] [28] [29] [30] , than those of migrant surplus men.
HIV among the participating miners (0.7%) was 10 times higher than China's last national HIV estimate among the general population (0.05%, end of 2007) 1 . Comparisons with other migrant population studies should be made with caution given their diversity across China, however HIV prevalence among miners in this study was much higher than recent studies of migrants in eastern China [13] [14] [15] , and slightly higher than a smaller convenience sample of miners in the same area (0.5%) 22 . N. gonorrhea and C. trachomatis rates in our miners were also greater than in a population-based study of 20~64 year-old Chinese male adults (0.02% and 2.1%) 32 and among migrant workers in Shanghai (0.5% and 3.5%) 15 .
HIV/STI rates may be higher in our study because of increased heterosexual risks. Over twotimes more males (18.9%) reported ever patronizing FSWs compared to a study of male adults aged 20-64 years old in China (9.4%) 32 and migrants in Shanghai (3.2%) 15 . Other sexual risks (multiple sexual partners, young age at sexual debut, STI symptoms) were higher among clients compared to non-clients. This is consistent with a recent study of male migrant clients in China, in which multiple sex partners and history of STIs were associated with client status 12 .
Clients also had higher HIV rates (1.7% vs. 0.5%) and overall STI rates (23.3% vs. 4.3%). Yunnan CDC data shows a relatively high HIV prevalence among FSW clients (0.3%~1.8%, 2003) 33 , and a study in southwest China of FSW male clients reported an STI prevalence of 37.8% 34 . Multiple encounters with FSWs (≥3) conferred an independent HIV risk for clients in our study, and even for non-clients, multiple sex partners was associated with HIV. Though never using a condom with FSWs was not associated with HIV/STIs, condom use among clients was very low (only 13.3% reported always using condoms with FSWs) placing them at high risk of acquiring HIV/STIs. One interesting finding was that many clients were of an ethnic minority. It is possible that certain ethnic minority cultures facilitate liberal sexual norms, such as 2 Hani holidays when it is customary for men to have extramarital sexual contacts. Ethnic minorities in our study were twice more likely to be STI-infected (OR 2.1).
Drug use was an important factor in HIV/STI risk among miners and was strongly associated with HIV and STIs among clients (OR 266.9 and 3.5, respectively) with half (3/6) of the HIV positive clients being drug users (2/3 IDUs). Clients were also more likely to be drug users than non-clients (3.5% Vs. 1.3%, P <0.05), a finding consistent with those of another study of male migrant clients in China 12 . While multiple sex contacts with FSWs may increase HIV/ STI risk among miner clients, those clients infected with HIV by IDU and with inconsistent condom use may simultaneously put FSWs at risk. Some international studies have proposed that HIV/STI transmission occurs from the "core" group of sex workers to "bridging" groups of clients who may transmit to the general population 35, 36 . Similar to Africa 17, 37 our findings suggest in mining communities both FSWs and miner clients may be both "core" and "bridging" groups for HIV/STI transmission to the general population. Mining districts as a whole may be considered high-risk places, and interventions targeting the entire mining community should be considered, such as those proposed in a study of a Tanzanian mining community 17 .
Several limitations to this study should be noted. First, as this was a cross-sectional study, causality cannot be confirmed. For instance, as both drug use and multiple encounters with FSWs were independent risk factors for HIV in miner clients, it is not known how infection occurred. It is also unclear whether risky behaviors preceded migration or were encouraged by it. Second, as sexual behavior is a sensitive topic and data was collected by a face-to-face interview, participants likely under-reported commercial sex and other risk behaviors. Even with under-reporting, however, rates of patronizing FSWs, HIV, and STIs were higher in this population compared to the previously mentioned studies. Third, although this was a large sample of miners, results should not be extrapolated to all miners in China due to important regional differences in terms of demographics, economic conditions and illicit drug availability and use.
Despite these limitations, this study demonstrates that miners who patronize FSWs are at substantial risk of contracting HIV/STIs and potentially escalating these epidemics in China. While targeting mobile populations can be a major challenge 38 , some mining communities have reported declining STIs following prevention, education and systematic treatment of miners and FSWs 39 . Workplace-based peer education, improvement of STI services, condom promotion and community-based voluntary testing and counseling has also proven effective in other migrant communities 40 . HIV/STI treatment options should not be reliant on a local residence permit, therefore other methods of healthcare delivery should be made be available.
In conclusion, miners in Gejiu constitute a high-risk population that may bridge HIV/STIs to both FSWs and regular partners, and subsequently to the general population. Future studies should explore the availability and effectiveness of HIV/STI prevention and treatment programs in this high-risk community. Table 3 Univariate and multivariate analysis of HIV/STI infection and selected socio-demographic and risk behavior variables by client status 
&
Illegal drug use indicates the status found via self-reporting or the positive status from urine morphine testing. HIV and STI association with IDU was not calculated because IDU sample was too small.
